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Fig. S1 (a) SEM image of cellulose nanofibers. (b) AFM tapping mode phase image of cellulose

nanofibers on silica.

{
(a) g (b)o (c)
3.15”0\0\0‘0*0--0—0_0__0_0
o
3 > Graph
L raphene
§ il —O— Graphene/CNF
[~
° B>
2os
<
P> bbb
0-0 i i i i i
0 10 20 30 40 50

Time (h)

Fig. S2 (a) Digital photograph of cellulose nanofiber solution and 50 graphene/cellulose nanofiber
dispersion (CNF: graphene =1: 1). (b) Optical absorption as a function of time for graphene dispersion
(0.1 mg/ml) and graphene/CNF dispersion (0.1 mg/ml, graphene: CNF = 9:1). (¢) Digital picture of
graphene (left, 5 mg/ml) and graphene/CNF dispersion (right, 5 mg/ml and graphene: CNF = 9:1) after
standing 48 h.

Fig. S2 (a) shows the photograph of cellulose nanofiber solution and graphene/cellulose nanofiber
solution with 50 wt% graphene. Graphene/cellulose nanofiber solution with 50 wt% graphene almost
no change at all after one month, which exhibited excellent stability. As can be seen in Fig. S2 (b) the
absorbance of graphene dispersion reduced to 0.2 after only 10 h, and the absorbance of graphene/CNF
reduced slightly after 45 h. Fig. S2 (b) exhibited the digital picture of graphene and graphene/CNF
dispersion (mass ratio of graphene and CNF is 9:1) at high concentration (5 mg/ml) after standing 48
h. As can be seen in Fig. S2 (c¢), graphene dispersion revealed obviously precipitation and
graphene/CNF dispersion still shown great dispersibility. Comparing with graphene dispersion, the
introduction of CNF could greatly improve the dispersibility and stability of graphene in water at
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whether high (5 mg/ml) or low (0.1 mg/ml) graphene concentration.
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Fig. S3 schematic of the mold for characterize in-plane (left), and through-plane thermal diffusivity
(right).

The in-plane sample holder is designed so that the position for the laser energy input on the bottom
side of the sample and the position for measuring the temperature increase on the top side of the sample
(laser energy output) are located at different lateral positions. Thus the measured temperature increase
of the sample shows the thermal diffusivity in the radial direction (in-plane). Meanwhile, the through-
plane thermal conductivities were measured by the round holder with a 12.7 mm diameter, as shown
in the right of Fig. S3. Laser system flash a pulse and illuminate the bottom surface of samples. After
absorbing light, the laser energy quickly passed to the top surface. The infrared detector that located

above the sample can measure temperature variation and obtain the curve of temperature and time.

Fig. S4 Digital photo of the CNFG-50 composite film.

The cellulose nanofiber/graphene films with 50 wt% graphene loading shows excellent flexibility as
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can be seen in Fig. S4.

Fig. S5 Digital photograph of Al,Os heater stucked on the sample with thermal conductive

silicon.

As can be seen in Fig. S5, the Al,0O5 heater was adhered to the underside of the sample. IR camera was

used to record the surface temperature of the sample under 20 W heating power.
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Fig. S6 Thermogravimetric analysis (TGA) of neat CNF and CNFG composite films.
Fig. S6 exhibits the TGA curves of neat CNF and CNFG composites under N, atmosphere. As can be
seen in Fig. S6, graphene could enhance the thermal stability of cellulose nanofiber, the degradation

temperature improved over 20 °C with 50 wt% graphene loading.
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Fig. S7 FT-IR spectra of neat CNF, CNFG-10, CNFG-20, CNFG-30, CNFG-40 and CNFG-50.
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As can be seen in Fig. S7, compared with pure CNF, the FT-IR spectra of CNFG with different
graphene loading showed a shift to higher wavenumbers of the -OH peak region around 3440 cm! and
-C-OH peak region around 1060 cm!, which are corresponding to -OH stretching from inter and
intramolecular hydrogen bonds. Meanwhile, with the increase of graphene content, FT-IR spectra

exhibited greater shift.

Table S1 Comparison of in-plane thermal conductivity of our CNFG and reported cellulose based

composites.
Filler Fraction TC (W/mK) Ref.
Laser-reduced GO 0.31 wt% 10.72 20181
Graphene 3 wt% 0.72 20172
Graphene 90 wt% 240.5 20173
Graphene 6 wWt% 9.0 20174
Graphene 10 wt% 6.75 201753
Reduced GO 50 wt% 1.59 2017°¢
Reduced GO 1 wt% 12.6 20177
Graphite nanoplatelets 75 wt% 59.46 2016 8
Ag decorated boron nitride 28.6 vol% 65.7 20179
nanosheets
Functionalized Boron nitride 70 W% 3025 2017 10
nanosheets
Ag deposited SiC nanowires 50 vol% 33.97 2016 '
Reduced GO 30 wt% 6.168 2016 12

Graphene 15 wt% 41 201513
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Boron nitride nanosheets 50 wt% 145.7 2014 14
Graphene 50 wt% 164.7 This work
Note: [TC] Thermal conductivity; [Ref.] reference.
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